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PROCESS OF MAKING A CARBON FIBER
PRECURSOR FIBER BUNDLE

This application 1s a divisional of U.S. Ser. No. 10/589,189
filed Aug. 11, 2006, now U.S. Pat. No. 7,941,903, which 1s a
National Stage of PCT/JP05/02038 filed Feb. 10, 2005.

TECHNICAL FIELD

The present invention relates to a carbon fiber and a pro-
duction method thereof. The present invention also relates to
a carbon fiber precursor fiber bundle to be used for production
ol a carbon fiber, and a production method and a production
apparatus thereof.

BACKGROUND ART

As an acrylonitrile-based precursor fiber for a carbon fiber,
for the purpose of obtaining a carbon fiber having high
strength and high elasticity modulus, predominantly a so-
called small tow of 3,000 to 20,000 filaments which tow
scarcely suffers filament breaking and fluif generation and 1s
excellent in quality has hitherto been produced; a carbon fiber
produced from such a precursor fiber has been used 1n various
fields such as the aerospace field and the sport field.

A precursor fiber for producing a carbon fiber 1s subjected
to a flame retarding treatment 1n which, 1n advance of carbon-
1zation, the precursor fiber 1s heated 1 an oxidative atmo-
sphere set at 200 to 350° C. The flame retarding treatment
generates a reaction heat, and hence heat tends to be stored
inside the fiber tow. When excessive heat storage occurs
inside the fiber tow, yarn breaking and fusion bonding
between fibers tend to be generated. Accordingly, 1t 1s neces-
sary to suppress the heat storage due to the reaction heat as
much as possible. For the purpose of suppressing the heat
storage, the thickness of the fiber tow fed to a flame retarding
oven 1s mevitably made to be equal to or less than a certain
thickness; thus, a constraint 1s imposed on the thickness of the
fiber tow, and accordingly constitutes factors that degrade the
productivity and simultaneously raises the production cost.

For the purpose of solving the above described problems,
for example, Patent Document 1 (Japanese Patent Laid-Open
No. 10-121325) discloses a precursor fiber tow for a carbon
fiber which tow maintains a form of a tow when housed 1n a
container, but has a widthwise dividing capabaility to divide
the tow 1nto a plurality of small tows when the tow 1s taken
out, from the container, to be used. For the purpose of pro-
ducing the fiber tow having this dividing capability, a plural-
ity of spun yarns (fibers) are divided 1nto a plurality of groups
cach having a predetermined number of yarns, and the plu-
rality of groups are made to travel parallel 1n this divided
condition, made to pass through a fiber-making step and a
fintshing oiling agent imparting step, and transferred to a
crimp imparting step involving a crimper. The crimp 1mpart-
ing carries out bundling of a predetermined number of the
plurality of groups into a form of a tow. When the crimp
imparting step 1s not applied, individual small tows each are
made to contain water 1n a content of 10% or more and 50%
or less.

In the bundled form, the yarns at the selvage of each of the
yarn groups, each having a small tow form, are made to
obliquely cross each other over approximately 1 mm to be
mutually weakly intermingled, and thus, a single tow form
made of a plurality of yarn groups 1s maintained. The inter-
mingle based on the oblique crossing of the yarns at the
selvage of each of the yarn groups 1s weak, and hence, when
the bundled form 1s transierred to and used 1n a carbon fiber
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producing step after having been maintained 1n a single tow
form, easy division into individual yarn groups from the
selvage 1s made possible, and the bundled fiber bundle 1s
housed 1n a container as 1t 1s 1n a condition capable of being
divided into small tows.

The precursor fiber bundle, having dividing capabaility, for
a carbon fiber housed 1n a container are divided into the above
described individual small tows 1n a dividing step before
being guided 1nto the flame retarding oven. This division 1s to
be carried out, for example, by using a grooved roll or a
dividing guide bar. The small tows are mutually bundled by
being weakly intermingled at the selvages thereof, and hence
this division can be extremely easily carried out in such a way
that breakage or tuzz generation scarcely occurs. The indi-
vidual tows divided into small tow forms each having a pre-
determined size or less are guided into the flame retarding
step to be subjected to the flame retarding treatment. In this
treatment, 1t 1s stated that the small tows are subjected to the
flame retarding treatment as they are 1n the divided condition,
so that the excess heat storage 1s not generated, and accord-
ingly the breakage or the fusion bonding between filaments 1s
prevented.

The mechanism for imparting the bundled fiber bundle the
dividing capability into small tows, according to above
described Patent Document 1, 1s stated to be based on the
intermingling due to oblique crossing of each fiber located at
the selvages of the small tows; however, with a degree of
intermingle of 1 to 10 m™" at the dividing portions in the small
tows, when division 1nto small tows 1s carried out by a divid-
ing means in advance of being guided 1nto the flame retarding
step, single yarn breaking 1s possibly caused and the quality
of the carbon fiber 1s possibly affected thereby. Furthermore,
in Patent Document 1, as means for intermingling small tows
with each other, there 1s disclosed only a method that 1s based
on the imparting of the crimp where a form of a tow 1s
maintained by crossing the yarns at the selvages of the indi-
vidual small tows obliquely with each other to weakly inter-
mingle the yarns. In the case of such a crimped tow, when the
crimped tow 1s guided as 1t 1s 1into the tlame retarding step
involved 1n a production process of a carbon fiber, it 1s diffi-
cult to uniformly straighten the crimps over the whole range
of the tow to provide a predetermined elongation. Conse-
quently, there may occur unevenness in the basis weight
(weight per unit length) and the fineness of the obtained
carbon fiber, and the quality of the obtained carbon fiber 1s
possibly thereby affected. Under these circumstances, a
crimp removing means 1s required in advance of the flame
retarding step, which increases the equipment space, impedes
work saving and significantly atlects the productivity.

On the other hand, 1n atorementioned Patent Document 1,
for the case of a form of a straight tow without imparted
crimp, 1t 1s only described that the moisture percentage
thereof 1s from 10 to 50%. In other words, there 1s described
only a mechanism that the surface tension due to the moisture
bundles the small tows to maintain a form of a single tow.
With such moisture percentage, the surface tension due to the
water within the tow serves to maintain the bent shape formed
when folded and housed 1n a container, and consequently
when fed to the production step of the carbon fiber, the tow 1s
fed as 1t still has the bent shape and the oblique disposition of
the filaments within the tow caused by the bent shape, the
quality of the obtained carbon fiber 1s impaired, or sometimes
the bent shape turns 1nto twisted shape, and there 1s a fear that
excessive heat storage 1s caused 1n such twisted portion in the
flame retarding step.

Furthermore, irrespective as to whether or not a bundled
fiber bundle 1s made to pass through a crimper, the bundled
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fiber bundle 1s required to be divided into small tows each
having a predetermined thickness before the bundled fiber
bundle 1s guided into a firing step aiter the bundle 1s taken out
from a container; thus, a dividing device 1s required to be
installed purposely, which increases the equipment space,
impedes work saving and significantly aflects the productiv-
ity.

Application of carbon fiber 1s being expanding over com-
mon industrial fields mcluding automobiles, civil engineer-
ing, construction and energy. Accordingly, there are strong
demands for supply of large tow carbon fiber high 1n strength,
high 1n elastic modulus, high 1n grade and high 1 quality as
well as large tow carbon fiber lower 1n price and excellent in
productivity. For example, Patent Documents 2 and 3 disclose
production methods of a large tow carbon fiber and a carbon
fiber precursor fiber bundle; however, the carbon fiber dis-
closed in either of these Documents does not attain strength to
a suflicient extent, and as atfairs now stand, does not reach the
strand strength and the elastic modulus comparable to those
ol a conventional small tow having the number of filaments of
12,000 or less.

Patent Document 1: Japanese Patent Laid-Open No.
10-121325

Patent Document 2: Japanese Patent Laid-Open No.
11-189913

Patent Document 3: Japanese Patent Laid-Open No. 2001 -
181925

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

An object of the present invention 1s to provide a carbon
fiber precursor fiber bundle which permits bundling of a plu-
rality of small tows 1nto a bundled fiber bundle by a simple
operation, 1s provided with a dividing capability to divide into
the original small tows spontaneously 1n a firing step, 1s low 1n
production cost, 1s excellent 1n productivity, scarcely sullers
yarn breaking and fuzz generation, and 1s suitable for obtain-
ing a carbon fiber that 1s high 1n grade, high 1n quality and
excellent 1n strength attainment, and a production method and
a production apparatus of the carbon fiber precursor fiber
bundle.

Another object of the present invention 1s to provide such
an excellent carbon fiber and a production method thereof.

Means for Solving the Problems

The present invention 1s as described below.

1) A carbon fiber precursor fiber bundle, characterized by:

having 1 m™" or less of a degree of intermingle between a
plurality of small tows based on the hook drop method;

consisting of substantially straight fibers without imparted
crimp, a tow of which straight fibers has a moisture content of
less than 10% by mass when housed 1n a container; and

having a widthwise dividing capability to maintain a form
ol a single aggregate of tows when housed 1n a container,
taken out from the container and guided 1nto a firing step, and
to divide 1nto a plurality of small tows 1n the firing step by the
tension generated in the firing step.

2) The carbon fiber precursor fiber bundle according to 1),
wherein the monofilament fineness 1s 0.7 dtex or more and 1.3
dtex or less, the number of monofilaments of the small tow 1s
50000 or more and 150000 or less, and the total number of
monofilaments 1n the aggregate of tows 1s 100000 or more

and 600000 or less.
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3) The carbon fiber precursor fiber bundle according to 1)
or 2), wherein the aggregate of tows 1s formed by intermin-
gling monofilaments between a widthwise end of a small tow
and a widthwise end of the adjacent small tow by air tlow.

4) The carbon fiber precursor fiber bundle according to any
one of 1) to 3), wherein the number of monofilaments under-
going adhesion between the monofilaments 1s 5 per 50,000 of
monofilaments or less and the size of the crystal region in a
direction perpendicular to the fiber axis is 1.1x10™° m or
more.

5) The carbon fiber precursor fiber bundle according to any
one of 1) to 4), wherein the strength of a monofilament 1s 5.0
cN/dtex or more, and the fineness unevenness (CV value) of
the monofilament 1s 10% or less.

6) The carbon fiber precursor fiber bundle according to any
one of 1) to 5), wherein the o1ling agent adhesion unevenness
(CV value) along the lengthwise direction 1s 10% or less.

7) A production method of a carbon fiber precursor fiber
bundle, characterized by including:

a coagulation step of forming swollen yarn by extruding an
organic solvent solution of an acrylonitrile-based polymer
into an aqueous solution of dimethylacetamide from a spin-
ning nozzle having a nozzle hole diameter of 45 um or more
and 75 um or less and the number of holes of 50,000 or more
at a coagulated yarn take-up speed/extrusion linear speed
ratio o1 0.8 or less:

a wet heat drawing step of wet heat drawing the swollen
yarn,

an oiling agent imparting step of imparting a first oiling
agent to the wet heat drawn yarn by gmiding the wet heat
drawn yarn 1nto a first o1l bath, and subsequently imparting a
second oiling agent 1n a second o1l bath after once squeezing
the yvarn by use of two or more guides;

a small tow production step of obtaining a small tow by
drying, densitying and secondarily drawing the yarn imparted
with the first and second oiling agents so as to have a total
drawing magnification of 5 or more and 10 or less; and

an aggregate-of-tows production step of obtamning an
aggregate of tows by feeding a plurality of the small tows so
as to be 1n parallel and adjacent to each other into an inter-
mingling device that includes a yarn channel having a flat
rectangular section and a plurality of air jet holes which are
disposed with a predetermined interval along the long side
direction of the flat rectangle and which open into the yam
channel, and by jetting out air from the air jet holes to inter-
mingle the adjacent small tows with each other.

8) The production method of a carbon fiber precursor fiber
bundle according to 7), further including an aggregate-oi-
tows housing step ol housing the aggregate of tows i1n a
container after the aggregate-of-tows production step and a
water imparting step ol imparting water to the small tows
betore the aggregate-of-tows production step, wherein

the water content of the aggregate of tows 1n the aggregate-
of-tows housing step 1s set at less than 10% by mass.

9) The production method of a carbon fiber precursor fiber
bundle according to 7) or 8), further including, before the
aggregate-ol-tows production step, an intra-small-tow 1nter-
mingling step of intermingling monofilaments within the
small tow with each other by passing the small tow through an
intermingling device, other than the mntermingling device
used 1n the aggregate-oi-tows production step, that includes a
yarn channel having a circular section and an air jet hole
which opens into this yarn channel, and by jetting out air from
this air jet hole.

10) The production method of a carbon fiber precursor fiber
bundle according to 7) or 8), further including, before the
aggregate-ol-tows production step, an intra-small-tow 1nter-
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mingling step of intermingling monofilaments within the
small tow with each other by passing the small tow through an
intermingling device, other than the mmtermingling device
used 1n the aggregate-of-tows production step, that includes a
yarn channel having a flat rectangular section and a plurality
of air jet holes which are disposed with a predetermined
interval along the long side direction of this flat rectangle and
which open 1nto this yarn channel, and by jetting out air from
these air jet holes.

11) The production method of a carbon fiber precursor fiber
bundle according to 7) or 8), wherein monofilaments within
the small tow are intermingled with each other in the aggre-
gate-of-tows production step.

12) The production method of a carbon fiber precursor fiber
bundle according to 11), wherein the intermingling device,
used 1n the aggregate-of-tows production step, further
includes a groove which extends along the lengthwise direc-
tion of the yarn channel and which opens 1nto the yarn chan-
nel at a position where the small tows are adjacent to each
other.

13) The production method of a carbon fiber precursor fiber
bundle according to 9) or 10), wherein:

the intermingling device, used 1n the aggregate-of-tows
production step, further includes a groove which extends
along the lengthwise direction of the yarn channel and which
opens into the yarn channel at a position where the small tows
are adjacent to each other, and the air jet holes open only mnto
the groove; and

a plurality of the small tows are mtermingled with each
other, wherein the filaments within the small tows are inter-
mingled with each other, by feeding to this itermingling
device the plurality of the small tows having been subjected to
the 1ntra-small-tow 1ntermingling step.

14) The production method of a carbon fiber precursor fiber
bundle according to any one of 7) to 13), further including a
step of housing 1n a container the aggregate of tows obtained
in the aggregate-of-tows production step after the aggregate
of tows has been fed to a gear roll.

15) The production method of a carbon fiber precursor fiber
bundle according to any one of 7) to 13), further including a
step of housing 1n a container the aggregate of tows obtained
in the aggregate-of-tows production step after the aggregate
of tows has been fed to a nip roll.

16) A production apparatus of a carbon fiber precursor fiber
bundle, characterized by including an intermingling device
that includes a varn channel having a flat rectangular section
capable of passing a plurality of small tows which are adja-
cent to each other and that includes a plurality of air jet holes
which are disposed with a predetermined interval along the
long side direction of the flat rectangle and which open into
the yarn channel.

17) The production apparatus of a carbon fiber precursor
fiber bundle according to 16), further including a groove
which extends along the lengthwise direction of the varn
channel and which opens into the yarn channel at a position
where the plurality of small tows are adjacent to each other.

18) A production apparatus of a carbon fiber precursor fiber
bundle, characterized by including:

a first intermingling device that includes a yarn channel
having a circular section capable of passing a small tow and
that includes one or more air jet holes for jetting out air 1nto
the yarn channel; and

a second mtermingling device that includes a yarn channel
having a flat rectangular section capable of passing a plurality
of small tows which are adjacent to each other and that
includes a plurality of air jet holes which are disposed with a
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predetermined interval along the long side direction of this
tlat rectangle and which open into this yarn channel.

19) A production apparatus of a carbon fiber precursor fiber
bundle, characterized by including;:

a first intermingling device that includes a yarn channel
having a tlat rectangular section capable of passing a small
tow and that includes one or more air jet holes for jetting out
air 1nto the yarn channel; and

a second mtermingling device that includes a yarn channel

having a flat rectangular section capable of passing a plurality
of small tows which are adjacent to each other and that
includes a plurality of air jet holes which are disposed with a
predetermined interval along the long side direction of this
flat rectangular shape and which open 1nto this yarn channel.

20) The production apparatus of a carbon fiber precursor
fiber bundle according to 18) or 19), wherein the second
intermingling device further includes a groove which extends
along the lengthwise direction of the yarn channel thereof and
which opens mto the yarn channel at a position where the
plurality of small tows are adjacent to each other.

21) The production apparatus of a carbon fiber precursor
fiber bundle according to 20), wherein the air jet holes of the
second intermingling device open only 1nto the groove.

22) The production apparatus of a carbon fiber precursor
fiber bundle according to 16), wherein the ratio n-D/L of the
total fineness nD (dTex) of an aggregate of tows represented
by the product between the total fineness D (dTex) of the
small tow and the number n of the small tows to be aggregated
to the long side dimension L. (mm) of the flat rectangular
section 1s 2000 dTex/mm or more and 12,000 dTex/mm or
less, and the diameter of each of the air jet holes 1s 0.3 mm or
more and 1.2 mm or less.

23) The production apparatus of a carbon fiber precursor
fiber bundle according to 16), wherein the air jet holes are
disposed with an even pitch, and the pitch 1s 0.8 mm or more
and 1.6 mm or less, and the length of the yarn channel 1s 10
mm or more and 40 mm or less.

24) The production apparatus of a carbon fiber precursor
fiber bundle according to 17) or 20), wherein the groove has
a sectional shape of a part of a circle, and the diameter of the
circle 1s 2 mm or more and 10 mm or less, and the depth of the
groove 1s 1.5 mm or more and 4 mm or less.

25) The production apparatus of a carbon fiber precursor
fiber bundle according to 17) or 20), wherein the groove has
a trapezoidal sectional shape, and the dimension of the long
side of the trapezoidal groove section 1s 2 mm or more and 10
mm or less, and the dimension of the short side corresponding
to groove bottom 1s 1.5 mm or more and 6 mm or less.

26) A production method of a carbon fiber, characterized in
that the carbon fiber precursor fiber bundle according to any
one of aforementioned 1) to 6) 1s fed to a flame retarding step,
and 1s fired while being divided into small tows by the tension
generated 1n the tlame retarding step.

2'7) A production method of a carbon fiber, characterized 1n
that the carbon fiber precursor fiber bundle according to any
one of alorementioned 1) to 6) 1s fed to a carbonization step
alter a tlame retarding step, and 1s fired while being divided
into small tows by the tension generated in the carbonization
step.

28) A carbon fiber characterized 1n that the carbon fiber 1s

produced by the method according to 27) and the strand
strength thereof defined by JIS R7601-1986 1s 4100 MPa or

more.

29) A production method of a carbon fiber precursor fiber
bundle, characterized by including a step of obtaining a single
aggregate of tows by disposing a plurality of small tows of
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carbon fiber precursor fiber so as to be 1in parallel and adjacent
to each other, and by intermingling the adjacent small tows
with each other by air flow.

30) The production method of a carbon fiber precursor fiber
bundle according to 29), wherein, 1n the step of obtaining an
aggregate of tows, the mntermingling 1s carried out by feeding
a plurality of the small tows so as to be 1n parallel and adjacent
to each other 1nto an intermingling device that includes a yarn
channel having a flat rectangular section and a plurality of air
jet holes which are disposed with a predetermined interval
along the long side direction of the flat rectangle and which
open 1nto the yarn channel, and by jetting out air from the air
jet holes.

Advantages of the Invention

The carbon fiber precursor fiber bundle (aggregate of tows)
of the present invention can be easily divided into small tows
when subjected to a flame retarding treatment, and hence the
heat storage 1n the fiber bundle can be easily suppressed.
Consequently, no constraint 1s imposed on the thickness of
the fiber bundle to be fed to the flame retarding treatment.
Accordingly, there can be obtained a carbon fiber excellent in
productivity and low 1n production cost.

As described above, the fiber bundle 1s capable of being
divided, and hence yarn breaking or fuzz generation is not
induced, and the grade and quality of the carbon fiber are not
damaged. Accordingly, the use of such a precursor fiber
bundle makes 1t possible to obtain a carbon fiber that scarcely
sulfers yarn breaking or fuzz generation, 1s high 1n grade, 1s
high 1n quality, and 1s particularly excellent 1n attainment of
strength.

According to the production method of a carbon fiber pre-
cursor fiber bundle of the present invention, there can be
suitably produced the above described small tow or an aggre-
gate of tows. According to the production method of a carbon
fiber of the present invention, there can be suitably produced
such an excellent carbon fiber as described above.

The use of the production apparatus of a carbon fiber pre-
cursor fiber bundle of the present invention makes it possible
to suitably produce the above described aggregate of tows.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic process drawing illustrating an
example of a production process of a carbon fiber precursor
fiber bundle 1n which process intermingling 1s carried out by
air jet;

FI1G. 2 1s a schematic view illustrating an example of struc-
ture of a first intermingling device that carries out intermin-
gling within a small tow by air jet, wherein (a) 1s a front
sectional view as viewed from the direction of travel of the
fiber bundle, (b) 1s a side sectional view, and (c) 1s a top
sectional view;

FIG. 3 1s a schematic view 1llustrating an example of struc-
ture of a second intermingling device that carries out inter-
mingling between small tows by air jet, wherein (a) 1s a front
sectional view as viewed from the direction of travel of the
fiber bundle and (b) 1s a side sectional view;

FIG. 4 15 a schematic process drawing illustrating another
example of a production process of a carbon fiber precursor
fiber bundle in which process confounding 1s imparted by air
jet;

FI1G. 5 1s a schematic view illustrating an example of struc-
ture of a second imtermingling device that has grooves and
imparts confounding between small tows, wherein (a) 1s a
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front sectional view as viewed from the direction of travel of
the fiber bundle and (b) 1s a side sectional view;

FIG. 6 15 a schematic view illustrating an example of struc-
ture of a second intermingling device that has air jet holes
only iside the grooves and imparts confounding between
small tows, wherein (a) 1s a front sectional view as viewed
from the direction of travel of the fiber bundle and (b) 1s a side
sectional view;

FIG. 7 a schematic view 1illustrating another example of a
second intermingling device that has air jet holes only mside
the grooves and imparts confounding between small tows,
wherein (a) 1s a front sectional view as viewed from the
direction of travel of the fiber bundle and (b) 15 a side sectional
view: and

FIG. 8 1s a schematic partial view illustrating the roundness
R at an angular groove portion.

DESCRIPTION OF SYMBOLS

1: small tow

2: spray

3: first intermingling device

4,9, 20, 21, 26: varn channel

5: upper nozzle

6: lower nozzle

5a, 6a, 10a, 11a: compressed air introduction part
5b, 66, 106, 115, 18b, 19b, 22b, 23b, 277b, 28b: air jet hole
7. driving roll

8,17, 24, 25: second intermingling device

12: aggregate of tows

13: gear roll

14: chute

15: container

16: touch roll

18c, 19¢, 22c¢, 23c, 27, 28c: groove
30: roundness R at an angular groove portion

BEST MODE FOR CARRYING OUT TH
INVENTION

(L.

The above described problems can be solved by a carbon
fiber precursor fiber bundle of the present invention that has 1
m™" or less of a degree of intermingle between a plurality of
small tows based on the hook drop method, that consists of
substantially straight fibers without imparted crimp, a tow of
which straight fibers has a moisture content of less than 10%
by mass when the tow 1s housed 1n a container, and that has a
widthwise dividing capability to maintain a form of a single
aggregate of tows when housed 1n a container, taken out from
the container and guided 1nto a firing step, and to divide 1nto
a plurality of small tows 1n the firing step by the tension
generated 1n the firing step.

The carbon fiber precursor fiber bundle of the present
invention maintains a form of a single tow as a mutual aggre-
gate of a plurality of small tows without impairing the grade
thereof, and can be divided, without entangling between
small tows, due to the tension generated when fired without
installing a dividing guide or the like, while maintaining a
form of a single tow when taken out from a container.

In the carbon fiber precursor fiber bundle, the monofila-
ment fineness 1s preferably 0.7 dtex or more and 1.3 dtex or
less, the total number of filaments 1s preferably 100000 or
more and 600000 or less, and the number of filaments 1n each
of the small tows 1s preferably 50000 or more and 150000 or
less. When the monofilament fineness 1s 0.7 dtex or more, 1t 1s
casy to stably spin a stock yarn, for a carbon fiber precursor
fiber, such as an acrylic fiber yarn. When the monofilament
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fineness 1s 1.3 dtex or less, a high performance carbon fiber
can be obtained while the sectional double structure 1s sup-
pressed so as not to be remarkable. When the total number of
filaments 1n the carbon fiber precursor fiber bundle 1s 100000
or more, firing can be carried out with an excellent produc-
tivity while suppressing a possibility of the decrease in the
number of the actually fired small tows 1n the firing step.
When the total number of filaments in the carbon fiber pre-
cursor fiber bundle 1s 600000 or less, it 15 easy to house a
carbon fiber precursor fiber bundle having a desired length 1n
a container. When the number of filaments of a small tow 1s
50000 or more, there can be suppressed a possibility that an
increased division number impedes the attainment of the
dividing capability 1n the firing step, and there can also be
suppressed a possibility that the forming efficiency 1s lowered
because the small tow 1s thin. When the number of filaments
of a small tow 1s 150000 or less, the heat storage due to the
reaction heat can be suppressed in the flame retarding step,
and generation of yarn breaking, fusion bonding or the like
can be excellently suppressed.

The number of the adhered monofilaments 1s preferably as
small as possible, from the viewpoint of suppressing the
generation of fuzz, bundle breakage and the like in the sub-
sequent flame retarding step, pre-carbonization step and car-
bonization step due to the adhesion between the monofila-
ments, and from the viewpoint of preventing the degradation
of the strand strength. From these viewpoints, the number of
the monofilaments undergoing adhesion between the
monofilaments, constituting a carbon fiber precursor fiber
bundle, 1s preferably 5 per 50000 of monofilaments or less.
And the size of the crystal region 1n a direction perpendicular
to the fiber axis is preferably 110 A (1.1x10™® m) or more.

The monofilament strength of the carbon fiber precursor
fiber bundle 1s preferably 5.0 cN/dtex or more, more prefer-
ably 6.5 ¢N/dtex or more, and furthermore preferably 7.0
cN/dtex or more. When the monofilament strength 1s 5.0
cN/dtex or more, there can be excellently prevented a possi-
bility that increased occurrence frequency of fuzz generation
due to single yvarn breaking in the firing step degrades the
firing step passage performance, and thus a carbon fiber
excellent 1n strength can be obtained.

The fineness unevenness (CV value) of the monofilaments
constituting the precursor fiber bundle 1s preferably 10% or
less, more preferably 7% or less, and turthermore preferably
5% or less. When this value 1s 10% or less, there can be
excellently prevented yarn breaking and twining trouble 1n
the spinming step and the firing step.

The o1ling agent adhesion unevenness (CV value) of the
precursor fiber bundle along the lengthwise direction 1s pret-
erably 10% or less, and more preferably less than 5%. When
this value 1s 10% or less, generation of adhesion and fusion
bonding can be excellently prevented in the spinming step, and
consequently, troubles such as single yarn breaking or bundle
breakage can be excellently prevented. The o1ling agent adhe-
sion unevenness falling within the above described range 1s
preferable for the carbon fiber to be obtained from the view
points of the quality and performances (particularly, strand
strength). For the purpose of obtaining a high-quality and
high-performance carbon fiber precursor yarn bundle and a
high-quality and high-performance carbon fiber, 1t 1s prefer-
able to make an oiling agent to adhere as evenly as possible
irrespective of the total fineness of a small tow or a large tow.

According to the present invention, a carbon fiber precur-
sor fiber bundle can be obtained by obtaining an aggregate of
tows by disposing a plurality of the small tows of the carbon
fiber precursor fiber so that the small tows are 1n parallel and
adjacent to each other, an by carrying out confounding
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between the adjacent tows using air flow. According to this
method, there can be formed an aggregate of tows, without
imparting crimp thereto, provided with a dividing capabaility
to divide the aggregate into the original small tows spontane-
ously 1n the firing step (flame retarding step, carbonization

step).
When obtaining an aggregate of tows, the confounding

may be carried out by feeding the plurality of the small tows,
so that the small tows are in parallel and adjacent to each
other, into an intermingling device that includes a yarn chan-
nel having a flat rectangular section and a plurality of air jet
holes which are disposed with a predetermined interval along
the long side direction of the flat rectangle and which open
into the yarn channel, and by jetting out air from the air jet
holes.

The carbon fiber precursor fiber bundle of the present
invention may be produced, for example, by the following
method. That 1s, a spinning solution consisting of an acry-
lonitrile-based polymer and an organic solvent 1s extruded
into an aqueous solution of dimethylacetamide from a spin-
ning nozzle having a nozzle hole diameter of 45 um or more
and 75 um or less and the number of holes of 50,000 or more
at a “coagulated yarn take-up speed/extrusion linear speed”
ratio o1 0.8 or less, and thus a swollen yarn 1s obtained. When
the number of the holes 1s 50000 or more, the productivity can
be made excellent. The number of the holes 1s preferably
150000 or less from the viewpoint of suppressing generation
of yarn breaking, fusion bonding or the like, due to the heat
storage based on the reaction heat, in the flame retarding step
and further from the viewpoint of enabling the downsizing of
the spinning nozzle pack and thereby increasing the number
of production spindles per an apparatus.

When the “coagulated yarn take-up speed/extrusion linear
speed’ ratio 1s 0.8 or less, yarn breaking from the nozzle can
be prevented to facilitate stable spinning. This ratio 1s prefer-
ably 0.2 or more from the viewpoint of performing uniform
coagulation and thereby suppressing generation of fineness
unevenness.

Subsequently, the swollen yarn 1s wet heat drawn, then
guided 1nto a first o1l bath to be imparted with a first oiling
agent, once squeezed by use of two or more guides, subse-
quently imparted with a second oiling agent 1n a second o1l
bath, and then dried, densified and secondarily drawn so as to
have a total drawing magnification of 5 ormore and 10 or less;
and thus an acrylonitrile-based precursor fiber bundle can be
obtained. It 1s to be noted that the total drawing magnification
means a drawing magnification attained by all the drawing
operations applied in the course of obtaining a precursor fiber
bundle from a spinning solution; thus, 1n the above described
case where solely applied are a wet heat drawing and a sec-
ondary drawing, the total drawing magnification means the
product of the magnifications involved 1n these two drawings.

Examples of the organic solvent for the acrylonitrile-based
polymer to be used 1n the spinning solution include dimethy-
lacetamide, dimethylsulioxide and dimethylformamide.
Among these, dimethylacetamide 1s preferably used because
it scarcely deteriorates due to hydrolysis of the solvent and
gives excellent spinning properties.

As the spinneret for extruding a spinning solution, there
may be used a spinneret having nozzle holes 0145 um or more
and 75 um or less 1n hole diameter which spinneret is suitable
for producing a monofilament of an acrylonitrile-based poly-
mer of 0.7 dtex or more and 1.3 dtex or less in monofilament
fineness. The use of such a nozzle small in hole diameter
makes 1t easy to reduce (to 0.8 or less) the ratio of (the
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coagulated yarn take-up speed)/(the extrusion linear speed of
the spinning solution from the nozzle), and to maintain excel-
lent spinning properties.

A swollen yarn taken out from a coagulation bath 1s made
higher 1n fiber orientation by a subsequent wet heat drawing.
The wet heat drawing 1s carried out by drawing 1n hot water a
swollen fiber bundle which is 1n a swollen state.

The degree of swelling of the swollen fiber bundle, after
application of wet heat swelling and before drying, 1s prefer-
ably made to be 100% by mass or less. The fact that the degree
of swelling of the swollen fiber bundle, after application of
wet heat swelling and before drying, 1s 100% by mass or less
means that the surface part and the interior part of the fiber
undergo unmiform orientation. After the coagulation of a
coagulated yarn 1n a coagulation bath 1s made uniform by
decreasing “the coagulated yarn take-up speed/the extrusion
linear speed of a spining solution from the nozzle” 1n the
production of a coagulated yarn 1n a coagulation bath, the
coagulated yarn 1s wet heat drawn, and thus uniform orienta-
tion can be attained even inside the yarn. In this way, the
degree of swelling of the fiber bundle before drying can be
made to be 100% by mass or less.

According to the present invention, in a production method
of a carbon fiber precursor fiber bundle, there can be obtained
a fiber bundle that maintains a form of a single aggregate of
tows, by imparting mutual confounding between the fila-
ments 1n each of small tows and the mutual bundling property
between the small tows through carrying out by air jet the
mutual confounding of the filaments 1n each of the small tows
and the mutual confounding of the small tows. In this case, the
widthwise ends of each of the small tows are preferably
mutually intermingled to thereby maintain a tow form. The
confounding between the small tows 1s preferably weaker
than the confounding between the filaments in each of the
small tows. Further, in this case, the widthwise ends of the
small tows are not necessarily required to overlap with each
other, but the widthwise ends of the small tows are preferably
adjacent to each other so as to be 1n contact with each other.

In the present invention, water 1s imparted 1f needed, and
when placed 1n a predetermined vessel, the moisture content
of each of the small tows 1s preferably set at less than 10% by
mass, and more preferably at 0.5% by mass or more and 5%
by mass orless. By setting the imparted water content at 0.5%
by mass or more, static electricity generation can be sup-
pressed and the handlability can thereby be made excellent.
By setting the imparted water content at less than 10% by
mass, 1t becomes possible to eliminate a phenomenon that the
tow width 1s made unstable by the remaining bent shape of the
tolding portion of the tow which bent shape has been formed
by the weight of the tow itself at the time of housing or by
being housed 1n the container 1n a state compressed by a press,
and at the same time, the transport etficiency 1s increased and
the economical efliciency 1s thereby increased.

Such a carbon fiber precursor as described above may be
produced by a production method of a carbon fiber precursor
fiber bundle 1including an aggregate-of-tows production step
in which a plurality of small tows are joined together by air jet
to each other 1n a state of being 1n parallel to each other. The
fundamental configuration of the method resides 1n a produc-
tion method of a carbon fiber precursor fiber bundle 1n which
method a plurality of small tows, each made 1into a yarn in a
state of being divided from each other, are housed 1n a con-
tainer after the widthwise ends of the small tows have been
loosely intermingled with each other. Preferably, when
housed 1n a container, the small tows are taken up with a gear
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roll, a nip roll or the like, and are housed as they are 1 a
container because the form of the fiber bundle 1s thereby made
more stable.

Small tows adjacent to each other may be intermingled
with each other by feeding a plurality of small tows, so that
the small tows are adjacent and 1n parallel to each other, to a
yarn channel of an intermingling device that includes a plu-
rality of air jet holes disposed 1n the yarn channel having a flat
rectangular sectional shape with a predetermined interval
along the long side direction of this flat rectangular section,
and by jetting out air from the air jet holes. Here, it should be
noted that, in the present specification, the intermingling
device that 1s used for producing an aggregate of tows by
intermingling the small tows with each other 1s referred to as
a second intermingling device, and the intermingling device,
to be described below, that carries out intermingling inside a
small tow 1s referred to as a first intermingling device.

Before intermingling small tows with each other, the width
of a small tow 1tsellf can be controlled and the bundling
property can be imparted to the small tow 1tself by beforehand
passing the small tows through the first intermingling device.
In this case, a desired tow width and a desired bundling
property can be imparted to the small tow by passing the small
tow through an air intermingling device that includes a yarn
channel having a circular section and an air jet hole which
opens into this yarn channel having the circular section and by
jetting out air from the air jet hole, or by passing the small tow
through an air intermingling device that includes a yarn chan-
nel having a flat rectangular section and a plurality of air jet
holes which open into the yarn channel with a predetermined
interval along the long side direction of this flat rectangular
section and by jetting out air from the air jet holes.

In this case, the control of the width of the small tow and the
securement ol the bundling property of the small tow are
carried out betforehand with the first intermingling device in a
manner dedicated to the small tow; subsequently, for the
purpose of bundling to unify the small tows with each other,
the small tows are fed, so that the small tows are adjacent and
in parallel to each other, to the second intermingling device,
including a yarn channel having a flat rectangular section, that
1s disposed next to the first intermingling device, and thus the
plurality of the small tows adjacent to each other, having been
beforehand intermingled, can be bundled with each other into
a unified article.

Alternatively, in the present invention, without particularly
intermingling a small tow 1tself 1n advance, 1t 1s possible to
intermingle the filaments 1n each of the adjacent small tows
with each other and intermingle the adjacent small tows with
cach other simultaneously. In other words, 1n an aggregate-
of-tows production step, the filaments within a small tow may
be intermingled with each other. In this case, it 1s possible to
intermingle the filaments within each of the small tows with
cach other and intermingle the adjacent small tows with each
other simultaneously by feeding a plurality of small tows
which have not been intermingled, so that the small tows are
adjacent and 1n parallel to each other, to an intermingling
device that includes a plurality of air jet holes disposed with
predetermined intervals along the long side direction of a flat
rectangular section of a yarn channel having a flat rectangular
yarn channel sectional shape, and by jetting out air from these
air jet holes.

In the varn channel shape, having a flat rectangular section,
to be used for intermingling the filaments with each other
within a small tow, the dimension thereol may vary depend-
ing on the total fineness of the small tow, but 1s such that the
dimension along the height direction, namely, the short side
of the flat rectangular section 1s preferably 1 mm or more and
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5> mm or less, and more preferably 2 mm or more and 4 mm or
less. When the height 1s small, namely, the thickness of a tow
1s limited, the movement of the filaments due to air flow 1s
restricted. This 1s disadvantageous from a view point that the
degree of mtermingle tends to decrease. On the contrary,
when this dimension 1s large, the thickness of a tow becomes
large although the thickness also depends on the long side
dimension. This 1s disadvantageous from a view point that the
degree of intermingle tends to decrease.

An mtermingling device has, for example, a structure
shown 1n FIG. 2 which device can be used for intermingling
filaments within a small tow with each other, and includes a
yarn channel having a flat rectangular sectional shape and a
plurality of air jet holes disposed with a predetermined inter-
val along the long side direction of the flat rectangular sec-
tional shape. As for the long side dimension, there 1s a pret-
erable range from the viewpoint of controlling the total
fineness of the small tow and the tow width. The numerical

value representing such a preferable range 1s the value of the
ratio D/L of the total fineness D (dTex) of the small tow 1 to
the long side dimension L. (mm) of the flat sectional yarn
channel 4, and the ratio value 1s preferably 2000 dTex/mm or
more and 12000 dTtex/mm or less. In this connection, the
hole size (diameter) of each of the air jet holes 36 and 65 1s
preferably 0.3 mm or more and 1.2 mm or less, and more
preferably 0.5 mm or more and 1.0 mm or less.

Further, {from the viewpoint of obtaining uniform intermin-
gling, the disposition of the air jet holes 1s preferably such that
the holes are disposed with an even pitch of 0.8 mm or more
and 1.6 mm or less. The length of the yarn channel 4, namely,
the length of the intermingling device 1s preferably 10 mm or
more and 40 mm or less. When this length exceeds 40 mm, 1t
1s disadvantageous from the viewpoint that there tends to
occur disturbance or fluttering of tows probably ascribable to
the disturbance of the ejected air flow at each of both ends of
the yarn channel, and the intermingling tends to be nonuni-
form.

For the purpose of intermingling adjacent small tows with
cach other, a plurality of small tows may be fed, so that the
small tows are adjacent to each other, to an mtermingling
device shown 1in FIG. 3 that includes a flat rectangular sec-
tional shape of a yarn channel and a plurality of air jet holes
disposed 1n this varn channel with a predetermined interval
along the long side direction of the flat rectangular shape. As
for the long side dimension L of the flat rectangle, there 1s
naturally a preferable range for the purpose of controlling the
tow width by the total fineness of the small tows and the
number of filaments (fibers) to be aggregated, namely, with
respect to the total fineness of the aggregate of tows.

Specifically, the above range means the value of a ratio
n-D/L of the total fineness nD (dTex) of an aggregate of tows
represented by the product between the total fineness D
(dTex) of the small tow and the number n of small tows to be
agoregated to the long side dimension L (mm), and the value
of the ratio 1s preterably 2000 dTex/mm or more and 12000
dTex/mm or less. In this connection, the hole diameter of each
of the air jet holes 1s preferably 0.3 mm or more and 1.2 mm
or less, and more preferably 0.5 mm or more and 1.0 mm or
less.

Further, from the viewpoint of uniform intermingling, the
disposition of the air jet holes 1s preferably such that the holes
are disposed with an even pitch of 0.8 mm or more and 1.6
mm or less. The pitch for the air jet holes 1s preferably 0.8 mm
or more from the viewpoint of suppressing the generation of
disturbance or fluttering of tows due to ejected air tlow, and 1s
preferably 1.6 mm or less from the viewpoint of suppressing,

10

15

20

25

30

35

40

45

50

55

60

65

14

the generation of intermingling unevenness due to the revo-
lution of monofilaments within a tow.

The length of the yvarn channel, namely, the length of the
intermingling device 1s preferably 10 mm or more and 40 mm
or less. When this length exceeds 40 mm, 1t 1s disadvanta-
geous from the viewpoint that there tends to occur distur-
bance or fluttering of tows probably ascribable to the distur-
bance of the ¢jected air flow at each of both ends of the yarn
channel, and the intermingling tends to be nonuniform.

Further, 1n an intermingling device that includes a plurality
of air jet holes disposed, in a yarn channel having a flat
rectangular sectional shape of the yarn channel to intermingle
adjacent small tows with each other, with a predetermined
interval along the long side direction of the flat rectangular
shape, there may be formed, as shown 1n FIG. 5, a groove
extending along the lengthwise direction of the yarn channel
at the position of the adjacent ends of the small tows to be
aggregated. The provision of such a groove leads to formation
of a space permitting free movement of the filaments at the
adjacent ends of the small tows to be intermingled with each
other 1n the flat rectangular sectional yarn channel, and hence
the small tows adjacent to each other can be efficiently inter-
mingled with each other.

The sectional shape (across the fiber bundle passage direc-
tion) of such a groove may be a shape of a part of a circle such
as a semicircle or a trapezoidal shape as shown 1n FIG. 5. In
the case of a semicircular groove, 11 a portion 1n contact with
filaments 1s angular, there 1s a possibility such an angular
portion damages the tow. For the purpose of avoiding such a
fear, 1t 1s preferable to provide a roundness R to the angular
groove portion facing the yarn channel. It 1s more preferable
to use a trapezoidal groove 1n place of a groove having a
sectional shape of a part of a circle. Also 1n the case of a
trapezoidal groove, it1s preferable to provide aroundness R to
the angular groove portion facing the yarn channel. FIG. 8
shows an example in which a roundness R 30 1s provided to
cach of the angular portions facing the yarn channel 1n the
trapezoidal groove 18¢ shown 1n FIG. 5. A similar roundness
R may also be provided to the trapezoidal groove 19¢ pro-
vided on the downside of the yarn channel.

When the groove section 1s a part of a circle such as a
semicircle, the size of a groove 1s preferably approximately 2
mm or more and 10 mm or less and more preferably 3 mm or
more and 8 mm or less 1n terms of the diameter of the circle,
and the depth of the groove 1s preferably approximately 1.5
mm or more and 4 mm or less. In the case of a trapezoidal
groove, the long side dimension of a trapezoidal groove dis-
posed on the long side portion of a flat yarn channel is pret-
erably 2 mm or more and 10 mm or less and more preferably
3 mm or more and 8 mm or less, and the dimension of the
short side corresponding to the groove bottom is preferably
approximately 1.5 mm or more and 6 mm or less. The ends of
small tows adjacent to each other are intermingled with each
other in a groove, and hence an air jet hole 1s disposed so as to
eject air into the interior of the groove. From the viewpoint of
stable traveling of small tows and uniform intermingling, the
disposition of such a hole 1s preferably such that holes are
disposed 1n a bilaterally symmetric manner within the groove
shape, or a hole 1s disposed on the central line in the bottom of
the groove. This 1s conceivably because the provision of a
groove 1n the yarn channel probably makes smooth the dis-
charge of the ejected air from the intermingling device; there
1s also obtained an effect to stabilize the form and the travel-
ing of the small tows traveling in a manner adjacent to each
other on the entrance side of the intermingling device.

Further, 1in the present invention, a nozzle having such a
groove as described above may be a nozzle 1n which an air jet
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hole 1s disposed only 1n the groove as shown 1n FIG. 6. In this
way, 1t becomes easy to more loosely mtermingle the small
tows with each other as compared with the intermingling of
the filaments within a small tow to maintain a single tow form.

The carbon fiber precursor fiber bundle obtained as
described above preferably has a fiber degree of intermingle
between the small tows based of less than 1 m™" on the hook
drop method. By setting the fiber degree of intermingle at less
than 1 m™', it becomes easy to carry out division into small
tows only by the tension generated 1n the flame retarding step
or the carbonization step involved in the carbon fiber produc-
tion step, a dividing guide bar or the like becomes unneces-
sary, damaging of tows and yarn breaking caused by scratch-
ing are thereby suppressed, and hence 1t becomes easy to
make excellent the grade of the obtained carbon fiber.

In the present invention, small tows may be fed to an
intra-small-tow intermingling device with regulating the yarn
channel of a plurality of small tows so that the side ends of the
small tows adjacent to each other may be 1n contact with each
other by using a curved guide or the like, after intermingling
the monofilaments within a small tow with each other.

The carbon fiber precursor fiber bundle bundled as
described above may be once housed 1n a container as
described before, and thereafter, may be taken out from the
container to be guided into the tlame retarding step or the
carbonization step. When taken out, a form of an aggregate of
tows 1s not collapsed. The carbon fiber precursor fiber bundle
spontaneously divides into a plurality of small tows by the
tension generated during the firing step. Thus stable firing can
be carried out to yield a high-quality carbon fiber.

A carbon fiber obtained 1n the present invention 1s a carbon
fiber having a strand strength (JIS R7601-1986) o1 4100 MPa
or more, preferably 4400 MPa or more, and more preferably
4900 MPa or more. When the strand strength 1s 4100 MPa or
more, it becomes easy to apply such a carbon fiber to common
industrial fields requiring high strength comparable with that
of small tow.

The carbon fiber of the present invention can be obtained
by firing the above described acrylonitrile-based precursor
fiber bundle on the basis of the methods well known 1n the art.
Preferred among these method 1s a method 1n which a carbon
fiber precursor fiber bundle 1s subjected to a flame retarding

treatment continuously while shrinkage thereof 1s being lim-
ited 1n a flame retarding oven having zones, where tempera-
ture of each zone 1s controlled at from 220° C. to 250° C. to
make a temperature gradient from a lower temperature to a
higher temperature over the oven; thus a flame retardant fiber
yarn having a density of approximately 1.36 g/cm’ is
obtained; then a carbonization treatment 1s carried out for
from 1 to 5 minutes, while shrinkage 1s being limited, in a
carbonization furnace having a nitrogen atmosphere with a
temperature distribution extending from 300° C. to 700° C.;
and subsequently a carbonization treatment 1s carried out for
from 1 to 5 minutes, while shrinkage 1s being limited, 1n a
carbonization furnace having a nitrogen atmosphere with a

temperature distribution extending from 1,000° C. to 1,300°
C

(Measurement Method of the Number of Adhered
Monofilaments)

Identification of the adhesion between monofilaments can
be carried out as follows: a precursor fiber bundle 1s cut
approximately to 5 mm and dispersed 1n 100 mL of acetone,
the dispersion 1s stirred for 1 minute at 100 rpm and then
filtered with a black paper filter and the number of adhered
monofilaments 1s measured.
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(Measurement Method of the Size of a Crystal Region)

The size of a crystal region can be measured as follows. An
acrylonitrile-based precursor fiber bundle 1s cut to 50 mm 1n
length; 30 mg of the cut fibers 1s accurately weighed out as a
sample; the cut sample fibers are aligned by pulling 1n such a
way that the fiber axes of the cut sample fibers are accurately
parallel to each other; then, the cut sample fibers are shaped
by use of a sample shaping jig into a fiber sample bundle
having a 1 mm width and a uniform thickness. The fiber
sample bundle 1s impregnated with a methanol solution of
vinyl acetate, coagulated 1n such a way that the form of the
bundle 1s not collapsed, and then fixed on the sample stage of
a wide angle X-ray diffractometer. As the X-ray source, a
CuKa radiation (a N1 filter 1s used) X-ray generator manu-
factured by Rigaku Corporation 1s used. With aid of a goni-
ometer manufactured by Rigaku Corporation a diffraction
peak at around 20=17° corresponding to the plane indexes
(100) of graphite 1s detected on the basis of the transmission
method with a scintillation counter. The output 1s at 40
kV-100 mA 1 the measurement. From the half width of the
diffraction peak, the size La of a crystal region 1s derived by
using the following formula:

La=KN{pycos 0)

wherein K denotes the Scherrer constant of 0.9, A denotes the
wavelength of the used X-ray (1.5418 A because here is used
CuKa ray), 0 denotes the Bragg diffraction angle, p, denotes
the true half width, and 3,= .-, where [3,. 1s the apparent
haltf width and 5, 1s the apparatus constant and 1s, 1n this case,
1.05%107~ rad.

(Measurement Method of the Monofilament Strength)

The monofilament strength can be measured as follows. A
monofilament automatic tensile strength/elongation tester
(manufactured by Ornentec Co., Ltd., trade name: UTM
I1-20)1s used. A monofilament affixed on a board 1s secured 1n
a load cell with a chuck and subjected to a tensile test at a rate
of 20.0 mm/min and thus a strength and an elongation are
measured.

(Measurement Method of the Fineness Unevenness (CV
Value) of Monofilaments)

The fineness unevenness (CV value) of amonofilament can
be measured as follows. A fiber of an acrylonitrile-based
polymer to be measured 1s inserted into a vinyl chloride resin
tube of 1 mm 1n 1nside diameter, and then the tube 1s cut into
a round slice with a knife to prepare a sample. The sample 1s
adhered on a SEM sample stage in such a way that the fiber
section of the acrylonitrile-based polymer can be seen from
upside, and then Au 1s sputtered on the sample to a thickness
of approximately 10 nm. The sample thus obtained 1s sub-
jected to an observation of the fiber section with a scanning
clectron microscope (manufactured by Philips, trade name:
XL20 scanning electron microscope) under the conditions
that the acceleration voltage 1s 7.00 kV and the operating
distance 1s 31 mm, and thus, the fiber sectional area of the
monofilament was measured randomly for approximately
300 monofilaments to derive the monofilament fineness.

CV value(%)=(Standard deviation/mean fineness)x
100

wherein the standard deviation and the mean fineness are the
standard deviation and the mean value of the above described
finenesses.

(Measurement of the Lengthwise Directional Adhesion
Unevenness of an O1ling Agent)

The lengthwise directional adhesion unevenness of an o1l-
ing agent can be measured as follows. Along the lengthwise
direction of a precursor yarn, sampling 1s successively made
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with N (the number of samples)=10, and the samples are
subjected to the measurement of the oiling agent adhesion
unevenness with a wavelength dispersive fluorescent X-ray
analyzer (manufactured by Rigaku Denki Kogyo Co., Ltd.,
trade name: ZSXmini).

(Measurement Method of Degree of Swelling)

The degree of swelling can be derived by using the mass w
alter the removal of the adhered liquid with a centrifugal
separator (3000 rpm, 15 minutes) from a fiber bundle 1n a
swollen state and the mass w, after drying the thus treated
bundle with a hot air dryer at 105° C. for 2 hours, on the basis
of the following formula: the degree of swelling (% by
mass J=(w-w,)x100/w,.

(Measurement Method of Moisture Content)

The moisture content 1s a value (% by mass) obtained by
using the mass w of a carbon fiber precursor fiber bundle 1n a
wet state and the mass wo after drying the bundle with a hot
air dryer at 105° C. for 2 hours, on the basis of the following
formula: (w—wo0)x100/wo.

(Evaluation Method of Degree of Intermingle)

The evaluation 1s made with a hook drop method. A tow 1s
hooked with a load, at one end thereof, of 10 g/3000 denier
(10 g/330 Tex) while the original form of the tow 1s being
maintained. A string of wire of 1 mm 1n diameter crooked
perpendicularly at a position of 20 mm away from the string,
tip 1s connected to a 10 g weight. The weight 1s hooked
between tows and 1s allowed to fall freely. The falling distance
thus obtained 1s represented by X m and the degree of inter-
mingle 1s given by

Degree of intermingle=1/X.

The measurement 1s repeated 30 times for a sample and 20
middle measurement values out of 30 values are adopted to
derive an average value to be used.

EXAMPLES

Hereinatter, specific description will be made on the pro-
duction of a small tow of the carbon fiber precursor fiber to be
a target of the present invention on the basis of representative
examples.

Example 1

Production Method (I) of a Small Tow

Acrylonitrile, acrylamide and methacrylic acid were sub-
jected to copolymerization based on aqueous suspension
polymerization in the presence of ammonium persulfate-am-
monium hydrogen sulfite and 1ron sulfate, and there was
obtained an acrylonitrile-based polymer composed of acry-
lonitrile umt/acrylamide/methacrylic acid umit=96/3/1 (mass
rat10). The acrylonitrile-based polymer was dissolved in dim-
cthylacetamide to prepare a 21% by mass spinning solution.

The spinning solution was extruded through a spinneret of
50,000 1n hole number and 45 um 1n hole diameter into a
coagulation bath composed of an 60% by mass aqueous solu-
tion of dimethylacetamide at 35° C. to prepare a coagulated
yarn, and the coagulated yarn was taken up at a take-up speed
of 0.40 times the extruding speed of the spinning solution.

Then, the fiber thus obtained was subjected to wet heat
drawing at a magnification of 5.4 while simultaneously car-
rying out washing in hot water, guided into a first o1l bath of
an aminosilicon-based oiling agent of 1.5% by mass to be
imparted with the first oiling agent, once squeezed with a few
guides, and subsequently imparted with a second o1ling agent
in a second o1l bath of an aminosilicon-based oiling agent of
1.5% by mass. The fiber was dried with a hot roll, and sec-

10

15

20

25

30

35

40

45

50

55

60

65

18

ondarily drawn between hot rollers at a magnification of 1.3
to result 1n a total drawing magnmification of 7.0. Thereafter,
the moisture content of the fiber was regulated with a touch
roll to yield a carbon fiber precursor fiber bundle (small tow)
having a monofilament fineness of 1.2 dtex.

Three small tows 1, the carbon fiber precursor fiber
bundles, obtained as described above were used. As shown 1n
FIG. 1, with a spray 2, 1on-exchanged water was imparted to
each of the small tows, and thereatter, the three small tows 1
were Ted respectively to three first intermingling devices 3
shown 1n FIG. 2 each of which gives intermingling to each
small tow. Each of the intermingling devices 3 for the respec-
tive small tows 1 had a structure shown 1n FIG. 2. In other
words, the first intermingling device 3 had an upper nozzle 5
and a lower nozzle 6 having a flat rectangular yarn channel 4
passing through in the traveling direction of the tow 1n the
central portion of the nozzles. The upper and lower nozzles 5
and 6 each had a vertically symmetric structure in a manner
sandwiching the yvarn channel 4, respectively had the com-
pressed air introduction parts 5aq and 6a, and respectively had
many air jet holes 56 and 66 that were communicatively
connected respectively to the compressed air introduction
parts 5a and 6a and had the openings thereotf on the facing
sides along the air mntroduction directions. The yarn channel
width of the yarn channel 4 was 8 mm, the yarn channel height
was 3 mm, and the yvarn channel length (in the traveling
direction of the small tow) was 20 mm. The jet opening
diameter of each of the air jet holes 56 and 65 was 1 mm, the
disposition pitch thereof was set at 1.5 mm. The pressure of
the fed air was set at 50 kPa-G (G indicating the gauge
pressure).

The three small tows 1 respectively intermingled with the
three first mtermingling devices 3 were pulled and aligned,
once made to pass through a driving roll 7, and fed to a second
intermingling device 8 to intermingle the adjacent small tows
1 with each other. The second intermingling device 8 had a
structure shown 1n FIG. 3. The fundamental structure thereof
was similar to that of the first intermingling device 3 dedi-
cated to the small tow; however, because the small tows 1
were respectively intermingled beforehand, the width of the
yarn channel 9 was larger by a factor of 3 or more than that of
the first mtermingling device, and the height of the yvarn
channel thereol was set to be slightly lower than that of the
first intermingling device 3.

Incidentally, 1n the second intermingling device 8, the yarn
channel width was set at 24 mm, the yarn channel height was
set at 2.5 mm, the yarn channel length was set at 20 mm, the
opening diameter of each of the air jet holes 106 and 115 was
set at 0.5 mm, the disposition pitch thereof was set at 0.8 mm,
and the pressure of the air to be fed to the compressed air
introduction parts 10 a and 11a was set at 300 kPa-G. One
carbon fiber precursor fiber bundle thus obtained was fed to a
gear roll 13 to be taken up, and then placed as it was 1n a
container 15 through a chute 14. When housed 1n the con-
tainer 15, the carbon fiber precursor fiber bundle 12 had a
form of a single tow (aggregate of tows) 1n which three small
tows were aggregated. At this time, namely, after being
housed 1n the container, the moisture content of the carbon
fiber precursor fiber bundle 12 was 2% by mass. By the gear
roll 13 used when placed in the container 15, wave was
imparted to the obtained tow. The distance between a crest of
the wave and an adjacent crest was 25 mm. The degree of
intermingle of the carbon fiber precursor fiber bundle 12 thus
obtained was evaluated and found to be less than 1 m™" (The
evaluation was carried out with a test length of 1 m, and any
of the 10 g loads tell with a falling distance of 1 m or more, so
that the measurement was 1impossible.)
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The carbon fiber precursor fiber bundle 12 thus obtained
was taken out from the container 15, and was fed to the flame

retarding step without dividing into small tows, subjected to a
flame retarding treatment for 70 minutes, and further sub-
jected to a carbonization treatment for 3 minutes 1n the car-
bonization step. When the carbon fiber precursor fiber bundle
was taken out from the container, the bundle was once pulled
upward in such a way that the bundle was made to pass
through guide bars plural times, so that the small tows were
pulled and aligned. The carbon fiber precursor fiber bundle
thus aligned by pulling was fed to the flame retarding step
without dividing into the small tows.

In the course of these operations, the rolls used for traveling,
the tow were all flat rolls. Absolutely, neither division 1nto
small tows nor control of the form of the tow using a roll
having a groove on the surface thereof or the like was carried
out. In the flame retarding step, as the reaction proceeded,
division into small tows occurred spontancously without
using dividing guides or the like. The carbon fiber bundle
obtained after the carbonization treatment was free from fuzz
and excellent 1n grade. The strand strength of the obtained

carbon fiber was 4900 MPa.

Example 2

As shown 1 FIG. 4, with a touch roll 16, 1on-exchanged
water was 1mparted to small tows 1, each having 50,000
filaments, obtained in the same manner as in Example 1, and
then each of the small tows 1 was separately fed to a first
intermingling device 3 shown in FIG. 2. The fundamental
structure of the first intermingling device 3 dedicated to a
small tow was similar to that in Example 1: the yarn channel
width was 16 mm to be twice as wide as that in Example 1, the
yarn channel height was 2.5 mm to be slightly smaller than
that in Example 1, the yarn channel length was 20 mm to be
the same as that in Example 1, the opeming diameter of each
of the air jet holes 55 and 65 was 1 mm to be the same as that
in Example 1, and the disposition pitch thereof was set at 1.0
mm. The pressure of the fed air was set at 100 kPa-G to be
twice as large as that in Example 1.

Subsequently, the three small tows 1 thus obtained were
aligned by pulling and fed to a second mtermingling device
having a structure as shown 1n FIG. 5 which device inter-
mingled adjacent small tows 1 with each other.

The second intermingling device 17 was different from the
intermingling device 8 shown in FIG. 3 in that the yarn
channel 9 had simply a flat rectangular section, but the upper
and lower nozzles 18 and 19 of the second intermingling
device 17 applied to present Example further included
grooves 18¢ and 19¢ each having a trapezoidal section,
respectively, above and below each of the portions in the flat
rectangular section which portions corresponded to the abut-
ting positions of the three small tows 1 adjacent to each other.
The other aspects of the structure of the second imtermingling
device 17 were substantially the same as those in Example 1.
In present Example, the second intermingling device 17 had
the following dimension: the width of the yvarn channel 20
was 45 mm to be wider by 21 mm than that in Example 1, the
yarn channel height was 2.5 mm to be the same as that in
Example 1, the opening diameter of each of the air jet holes
186 and 195 was 0.5 mm to be the same as that 1n Example 1,
the disposition pitch thereof was 1.0 mm, the length of the
long side of the trapezoidal grove section was 7 mm, and the
length of the short side corresponding to the groove bottom
was 3 mm. The pressure of the fed air was set at 200 kPa-G to
be 24 that in Example 1. The carbon fiber precursor fiber
bundle 12 thus obtained was fed to the gear roll 13 adjunct to
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a transter device to be placed 1in a container 15 through a chute
14. In this case, the moisture content of the bundle after being
housed was 2% by mass.

The carbon fiber precursor fiber bundle 12, leaving the
second intermingling device 17, had a form of a single tow 1n
which three small tows 1 were aggregated. By the gearroll 13
adjunct to the transfer device, wave was imparted to the
carbon fiber precursor fiber bundle 12 placed 1n the container
15. The distance between a crest of the wave and an adjacent
crest was 25 mm. The degree of intermingle of the carbon
fiber precursor fiber bundle thus obtained was evaluated and
found to be less than 1 m™". (The evaluation was carried out
with a test length of 1 m, and any of the 10 g loads fell with a
falling distance of 1 m or more, so that the measurement was
impossible.)

In the same manner as 1n Example 1, the carbon fiber
precursor fiber bundle 12 thus obtained was taken out from
the container 15, and was fed to the flame retarding step
without dividing 1nto small tows, subjected to a flame retard-
ing treatment for 70 minutes, and further subjected to a car-
bonization treatment for 3 minutes in the carbonization step.
In the course of these operations, the rolls used for traveling
the carbon fiber precursor fiber bundle 12 were all flat rolls.
Absolutely, neither division into small tows nor control of the
form of the tows using a roll having a groove on the surface
thereol or the like was carried out. In the tlame retarding step,
as the reaction proceeded, division into small tows occurred
spontaneously without using dividing guides or the like. The
carbon fiber obtained after the carbonization treatment was

free from fuzz and excellent 1n grade. The strand strength of
the obtained carbon fiber was 4900 MPa.

Example 3

There was used a second intermingling device 24 shown 1n
FIG. 6, to intermingle small tows 1 with each other, having the
same structure as that 1n Example 2 except that a plurality of
air jet holes 225 and 235 were formed in the grooves 22¢ and
23c communicatively connected to a yarn channel 21, but no
air jet holes were formed 1n the portions other than the
grooves. Using this second intermingling device, a carbon
fiber precursor fiber bundle having a form of a single tow 1n
which three small tows were aggregated was obtained 1n the
same manner as 1 Example 2. One carbon fiber precursor
fiber bundle thus obtained was fed to a gear roll 13 to be taken
up, and then placed as 1t was 1n a container 13 through a chute
14. At this time, namely, after being housed in the container,
the moisture content was 4% by mass. When housed in the
container 13, the carbon fiber precursor fiber bundle 12 had a
form of a single tow 1n which three small tows 1 were aggre-
gated. At this time, namely, after being housed 1n the con-
tainer, the moisture content of the carbon fiber precursor fiber
bundle 12 was 2% by mass. By the gear roll 13 used when
placed in the container 135, wave was imparted to the obtained
tow. The distance between a crest of the wave and an adjacent
crest was 25 mm. The degree of intermingle of the carbon
fiber precursor fiber bundle 12 thus obtained was evaluated
and found to be less than 1 m™". (The evaluation was carried
out with a test length ol 1 m, and any of the 10 gloads fell with
a falling distance of 1 m or more, so that the measurement was
impossible.)

In the same manner as 1n Example 1, the carbon fiber
precursor {iber bundle 12 thus obtained was taken out from
the container 15, and was fed to the flame retarding step
without dividing into small tows, subjected to a flame retard-
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ing treatment for 70 minutes, and turther subjected to a car-
bonization treatment for 3 minutes in the carbonization treat-
ment step.

In the course of these operations, the rolls used for traveling,
the tow were all flat rolls. Absolutely, neither division into
small tows nor control of the form of the tow using a roll
having a groove on the surtace thereof or the like was carried
out. In the flame retarding step, as the reaction proceeded,
division into small tows occurred spontaneously without
using dividing guides or the like. The carbon fiber bundle

obtained after the carbonization treatment was free from fuzz
and excellent 1n grade. The strand strength of the obtained

carbon fiber was 4900 MPa.

Example 4

A carbon fiber precursor fiber bundle 12 was placed in a
container 15 through the same intermingling procedures as 1n
Example 3 except that an intermingling device 235 having a
structure shown 1n FIG. 7 was used as the second intermin-
gling device to intermingle adjacent small tows with each
other. The second intermingling device 25 was the same as the
intermingling device of Example 3 (FIG. 6) except that
grooves 27¢ and 28¢, each having a semicircular section the
diameter of which was 6 mm and having a grove depth of 3
mm, respectively, were formed above and below each of the
portions which corresponded to the abutting positions of the
three small tows 1 in the flat rectangular section of a yarn
channel 26; the small tows were mtermingled with each other
by jetting out air from a plurality of air jet holes 275 and 285
in the same manner as in Example 3.

The degree of intermingle of the carbon fiber precursor
fiber bundle thus obtained was evaluated and found to be less
than 1 m™". (The evaluation was carried out with a test length
of 1 m, and any of the 10 g loads fell with a falling distance of
1 m or more, so that the measurement was impossible.)

In the same manner as in Example 1, the carbon fiber
precursor fiber bundle 12 thus obtained was taken out from
the container 15, and was fed to the flame retarding step
without dividing into small tows, subjected to a flame retard-
ing treatment for 70 minutes, and further subjected to a car-
bonization treatment for 3 minutes in the carbonization step.
In the course of these operations, the rolls used for traveling
the tow were all flat rolls. Absolutely, neither division 1nto
small tows nor control of the form of the tow using a roll
having a groove on the surface thereof or the like was carried
out. In the flame retarding step, as the reaction proceeded,
division 1nto small tows started to occur spontaneously with-
out using dividing guides or the like. The carbon fiber
obtained after the carbonization treatment was pertectly
divided into small tows, free from fuzz and excellent 1n grade.
The strand strength of the obtained carbon fiber was 5100

MPa.

Example 5

A carbon fiber precursor fiber bundle was placed 1 a
container 15 in the same manner as in Example 4 except that
anip roll having a flat surface was used 1n place of the gear roll
13 1n Example 4. Thereafter, a carbon fiber strand was
obtained in the same manner as in Example 4 (Example 1).

When housed in the container 15, the carbon fiber precur-
sor fiber bundle 12 had a form of a tow 1n which three small
tows 1 were aggregated. At this time, the moisture content of
the carbon fiber precursor fiber bundle 12 was 2% by mass.

The degree of intermingle of the carbon fiber precursor

fiber bundle 12 thus obtained was evaluated and found to be
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less than 1 m™". (The evaluation was carried out with a test
length of 1 m, and any of the 10 g loads fell with a falling
distance of 1 m or more, so that the measurement was 1mpos-
sible.)

In the same manner as in Example 1, the carbon fiber
precursor {iber bundle 12 thus obtained was taken out from
the container 15, and was fed to the flame retarding step
without dividing 1nto small tows, subjected to a flame retard-
ing treatment for 70 minutes, and further subjected to a car-
bonization treatment for 3 minutes in the carbonization step.

In the course of these operations, the rolls used for traveling
the tow were all flat rolls. Absolutely, neither division into
small tows nor control of the form of the tow using a roll
having a groove on the surface thereof or the like was carried
out. In the flame retarding step, as the reaction proceeded,
division into small tows occurred spontaneously without
using dividing guides or the like. The carbon fiber bundle
obtained after the carbonization treatment was free from fuzz

and excellent 1n grade. The strand strength of the obtained
carbon fiber was 4900 MPa.

Example 6

A carbon fiber strand was obtained in the same manner as
in Example 1 except that the total drawing magnification was
set at 9.

Example 7

A carbon fiber strand was obtained in the same manner as
in Example 1 except that the nozzle hole diameter was set at
75 um and the total drawing magnification was set at 9.

Comparative Example 1

A small tow obtained by the production method (I) of a
small tow was used, and intermingling within the small tow
was carried out 1n the same manner as in Example 1. Three
small tows thus obtained was fed to a crimp-imparting device,
which 1s not shown in the drawings, and bundled by crimping.
The bundled tow was housed 1n a container 1n the same
manner as in Example 1.

The carbon fiber precursor fiber bundle thus obtained was
taken out from the container, and was subjected to a flame
retarding treatment for 70 minutes, and further subjected to a
carbonization treatment for 3 minutes. When the carbon fiber
precursor fiber bundle was taken out from the container, the
bundle was once pulled upward, in the same manner as in
Example 3, 1n such a way that the bundle was made to pass
through guide bars plural times, so that the small tows were
aligned by pulling. The carbon fiber precursor fiber bundle
thus aligned by pulling was fed to the flame retarding step
without dividing 1nto small tows, subjected to a flame retard-
ing treatment for 70 minutes, and further subjected to a car-
bonization treatment for 3 minutes. In the course of these
operations, the rolls used for traveling the tow were all flat
rolls. Absolutely, neither tow division nor control of the form
of the tow using a roll having a groove on the surface thereof
or the like was carried out. In the flame retarding step, as the
reaction proceeded, division into small tows occurred spon-
taneously without using dividing guides or the like. However,
the carbon fiber obtained after the carbonization treatment
was abundant 1n fuzz and not excellent 1n grade. In the flame
retarding step, there frequently occurred winding around rolls
conceivably ascribable to the fuzz. Additionally, the strand
strength of the obtained carbon fiber was 3600 MPa.
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The mvention claimed 1s:

1. A production method of a carbon fiber precursor fiber
bundle, characterized by comprising:

a coagulation step of forming swollen yarn by extruding an
organic solvent solution of an acrylonitrile-based poly-
mer into an aqueous solution of dimethylacetamide from
a spinning nozzle having a nozzle hole diameter of 45
wm or more and 75 um or less and the number of holes of
50,000 or more at a coagulated yarn take-up speed/
extrusion linear speed ratio of 0.8 or less;

a wet heat drawing step of wet heat drawing the swollen
yarn,

an oiling agent imparting step of imparting a first oiling
agent to the wet heat drawn yarn by guiding the heat wet
drawn yarn into a first o1l bath, and subsequently impart-
ing a second oiling agent 1n a second o1l bath after once
squeezing the yarn by use of two or more guides;

a small tow production step of obtaining a small tow by
drying, densitying and secondarily drawing the varn
imparted with the first and second oiling agents so as to
have a total drawing magnification of 5 ormoreand 10 or
less; and

an aggregate-of-tows production step of obtaining an
aggregate of tows by feeding a plurality of the small tows
so as to be 1n parallel and so that side ends of the small
tows adjacent to each other are 1n contact with each other
into an intermingling device that comprises a yarn chan-
nel having a flat rectangular section and a plurality of air
jet holes which are disposed with a predetermined inter-
val along the long side direction of the flat rectangle and
which open 1nto the yarn channel, and by jetting out air
from the air jet holes to intermingle the adjacent small
tows with each other.

2. The production method of a carbon fiber precursor fiber
bundle according to claim 1, further comprising an aggregate-
of-tows housing step of housing the aggregate of tows 1n a
container after the aggregate-of-tows production step and a
water imparting step ol imparting water to the small tows
betore the aggregate-of-tows production step, wherein

the water content of the aggregate of tows 1n the aggregate-
of-tows housing step 1s set at less than 10% by mass.

3. The production method of a carbon fiber precursor fiber
bundle according to claim 1, further comprising, before the
aggregate-ol-tows production step, an intra-small-tow 1nter-
mingling step of intermingling monofilaments within the
small tow with each other by passing the small tow through an
intermingling device, other than the itermingling device
used 1in the aggregate-ol-tows production step, that comprises
a yarn channel having a circular section and an air jet hole
which opens into this yarn channel, and by jetting out air from
this air jet hole.

4. The production method of a carbon fiber precursor fiber
bundle according to claim 1, further comprising, before the
aggregate-ol-tows production step, an 1ntra-small-tow 1nter-
mingling step of mtermingling the monofilaments within the
small tow with each other by passing the small tow through an
intermingling device, other than the mmtermingling device
used 1n the aggregate-of-tows production step, that comprises
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a yarn channel having a flat rectangular section and a plurality
of air jet holes which are disposed with a predetermined
interval along the long side direction of this flat rectangle and
which open into this yarn channel, and by jetting out air from
these air jet holes.

5. The production method of a carbon fiber precursor fiber
bundle according to claim 1, wherein monofilaments within
the small tow are intermingled with each other 1n the aggre-
gate-of-tows production step.

6. The production method of a carbon fiber precursor fiber
bundle according to claim 5, wherein the ntermingling
device, used 1n the aggregate-of-tows production step, further
comprises a groove which extends along the lengthwise
direction of the yarn channel and which opens 1nto the yamn
channel at a position where the small tows are adjacent to each
other.

7. The production method of a carbon fiber precursor fiber
bundle according to claim 3, wherein:

the mtermingling device, used in the aggregate-of-tows

production step, further comprises a groove which
extends along the lengthwise direction of the yarn chan-
nel and which opens into the yarn channel at a position
where the small tows are adjacent to each other, and the
air jet holes open only 1nto the groove; and

a plurality of the small tows are itermingled with each

other, wherein the filaments within the small tows are
intermingled with each other, by feeding to this inter-
mingling device the plurality of the small tows having
been subjected to the intra-small-tow intermingling
step.

8. The production method of a carbon fiber precursor fiber
bundle according to claim 1, further comprising a step of
housing in a container the aggregate of tows obtained 1n the
aggregate-ol-tows production step after the aggregate of tows
has been fed to a gear roll.

9. The production method of a carbon fiber precursor fiber
bundle according to claim 1, further comprising a step of
housing 1n a container the aggregate of tows obtained in the
aggregate-ol-tows production step after the aggregate of tows
has been fed to a nip roll.

10. A production method of a carbon fiber precursor fiber
bundle, characterized by comprising a step of obtaining a
single aggregate ol tows by disposing a plurality of small tows
of carbon fiber precursor fiber so as to be in parallel and so that
side ends of the small tows adjacent to each other are 1n
contact with each other, and by intermingling the adjacent
small tows with each other by air tlow.

11. The production method of a carbon fiber precursor fiber
bundle according to claim 10, wherein, 1n the step of obtain-
ing an aggregate of tows, the mntermingling 1s carried out by
teeding a plurality of the small tows so as to be 1n parallel and
adjacent to each other into an intermingling device that com-
prises a yarn channel having a flat rectangular section and a
plurality of air jet holes which are disposed with a predeter-
mined interval along the long side direction of the flat rect-
angle and which open into the yarn channel, and by jetting out
air from the air jet holes.
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